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RAGRUS MOMEXT ON PUSE CONES IN SUPERSONIC FLISHT

by
Johii D. Ricolaides®
and

\ John J. Bredy

N\

ABSTRACT: By %eroballutic range techniques, the Nagnus_momernt is
measured on 20sdegree pure cones at ” Janh-rmver-of-about s,
The results indicate that the lagnus moment may be critically dependent,

in both size and sign, cn the rature of the boundary layer (i.e., lamimar,
turbulent, or mixed).

The normal force and danping miment are also found to be significantly
dependent on the nature of the boundary layer.

The characteristics of the boundery layers are revealed in the spark
shadowgraphs of the aeroballistic range technique and its transient and
sometimes chactic character noted. Criteria for specifying the general

nature of the boundary layer are evolved and used to correlate the
coefficient data.

The experimental force and moment coefficients are compared with theoretical
values obtained from various siggested physical models of the flov.

Future programs for furthering the investigations are suggested. \

# Scientific Advi-or for Asiromautics, Bureau of Ordnance, Washington, D.C.
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This report gives the results cf tests carried out at the Naval Ordnance .
Jaboratory to determine the Xagnus moment on 20-degree spinning cones as
reQuasted by the Bureau of Ordnance under task number 803-767/73002/01040.

The authors wish to take this opportunity to thank Mrs. Jeanne B. Jusino .

for econducting the firings and Niss Amy Chamberlin for yaducing ¢he be 12
data,

NELL A, PETERSON
Captain, USN
Commnder
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MAGNUS MOMENT ON PURE CONES IX SUPERSONIC FLIGHT
INTRODUCZIOF

1. The Nagnus force has historically been of importance in the flight of
all types of ballistic missiles, from round shot to shells and from arrovs
to fin-atabilized rockets ard bombs. It is essential to seek out its size
and role early in the design stages of missiles. Failure to do 30 in the
pest has frequently resulted in seriocus flight difficulties, often uncovered
in the final stages of developmental testing.

2. An experimental determination of the Nagnus moment acting on a pure cone
in supersonic flight was desired for two main ressons; first, az a guide
for the development of a rational fiuid theory for predicting this funda-
mental aercballistic moment® and, second, for use in the equations of
motion for determining dynsmic stability and performance of conical shapes.
This information mizht also have additional engineering epplications (1) in
detarmining the trajectories of modern long-renge ballistic missiles vhich
re-enter the earth's atmosphere, and {2) in evaluating the contribution of
the nose component of conventional rolling ballistis and guided missiles.

3. The asroballistic range was selected as a facility in vhich to conduct
this investigation because of its demonstrated capatility for measuring
Nagnus effects and its availability. Although supersonic wind-tunnel
techniques for the messurement of Magnus force and soment have developed
with spectacular success in recent years, at the time of this investigation
(1956) none were capable of obtaining Magnus msasurements on pure cones.

L, %he selection of the aercballistic range technique with its spark
shadowgraph pictures proved most fortunate, as will be noted later, because

of the additional capability of examining the mature of the boundary-lxyer
flow on the models in flight.

Aercballistic Range Technijues

5. The sercballistic range technique {reference (a)) for the experimental

determination of the static and dynamic fluid forcer and moments which act on
missiles in flight, employs free-flight models launched from guns and consists in

4 The pure circular cone vas selected because of its simplicity as perhaps
the most fundamental ol gupersonic lifting configurations and because a
maximum chance seemed to be promised for the posgsible formulation of a
fluid theory for Magnus effect.
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accurately determining the six position coordinstes duriy; their flight
from & series of spark shudowgraphis tak.: at prescribed aiatisns along
the model's trajectory.

6. The linear solution for the angle of attack and anglz of sideslip
is given by

(heaae_Chreasn)e

-
af"(dfd»’( = Ke + K (1)

vhere
/\l.zk%{C«,(I?d*?{(ﬁ+%){l!t)t&ﬁé_f
+G@-r%d» Gug (o)

e 5{ (34) *%(r2 -g)}

= L .Se é’_:) (-?_11;!)
s SZENEE) ue

This equation is "fitted" to the aercballistic range position data by the
method of differential corrections (reference (b) and (c)).

7. The static and dynamic aerodynamic coefficients and their probable
errors are determined from the constants of equation (1) and the probable
error of it (reference (b)).

Experimental Program

8. Eleven 20-degree spinning cones were fired in the Naval Ordnance
Laboratory's Pressurized Ballistics Range (Figure 1).

9. The Pressurized Ballistics Range is an enclosed stec) tube three feet
in diameter and 300 feet long (Figure 2). The range can be pressurized to
six atmospheres or evacuated down tc about 1/100 ctmosphere. It is
eguipped with 25 spark ghadowgraph stations, the first 20 stations spaced
alternately five and eight feet epart end the last five stations 24.5
Teet upart. A bank of 13 counter chronogiaphs is used to measure the Lime
interval between the spark flashes. Descriptions of this-range and other
ranges at the Naval Ordnance laboratory sre given in reference (a).

2
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10. The one-inch diameter cones were fired from & 3C-mz rifled gun (twiat
one turn in 20.3 calibers) by using a plastic sabot (Figure 3). The
resultant Mach mvzvers are given in Table I. Seven o1 the models were
fired at atmccpheric pressure and four of the models at 2/3 of an
atmosphere (Table I). Figure % shows a typical angle of sttack and angle
of sideslip motion history for one of the nmodels. The points represent
the measured data from the spark shedowgreph stations and the curve is the
best "fit" of the linear theory. The results obtained by "fitting” the
linear theory to the experimental free-flight deta are given in Teble II.

11. The values of the serodymenmic coefficients as functions of Mach

nuzber are given in Figure 5 where a large spread in the data may be noted.
In viev of the aerodynamic simplicity of the cone and the dynamic

simplicity of the epicyclic Pit, it seemed reasonsble to attempt to discover

the cause of the unexpected large variations in the data from model to
model.

12. An examination of the possidble sources of error in the epicyclic fit-
indicated a2 somevhat poor determination of A o resulting from the
distribution of the individual round date (Table ITI). The data were noted
to group in two distinct reglons, as shovn in Figure 4. The determination
of the circular center of such & pattern is somevhat inaccurate. However,
evaluation of this inaccuracy indicates that it is not sufficient to
sccount for the lack of agreement of the coefficients model to model.

13. Next it seemed reasonable to examine the spark shadowvgraphs themselves
in the remote hope that perhaps some unusual and systematic flow situation
might be revealed. This final effort proved to be fruitful. The nature of

the boundary layer was found to be highly varying model to model as well as
during the flight of a single model.

14. As & result of this observation, the boundary layer was studied in

detall and the results were used in reappraising the experimental aero-
ballistic coefficient data.

Examination of the Boundary layer

15. The spark shadowgraphs ere sensitive to changes in the density gredient
and for many years this simple technique has yielded an excellent
visualization of the flow field around small missiles in supersonic flight.
Besides reveasling primery flow features such as the shock waves, the nature
of the boundery layer is readily observable (reference (d), (e) and (f}.

This work is reported in the following sections.
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16. Examination of the spark shadovgraphs obtained during this program
revealed very large variations in the boundary-layer transition from model
to model and also in wost cases during the flight of a single wodel..
Figure 6 shows a couplete vertical set of plates for round 2395 obtained as
the model flev down the Pressurized Ballistics Range. large variations in
the boundary layer may be cbserved.

17. In view of the unaccounted for spreed in the serodynamic coefficient
data and the large differences in the boundary-layer transition from wodel
to model, it seemed reasonable to attempt a correlation between the two.

A simple approwch wvas taken. The percent of the total length of the model
vhich had & lazinar boundsry layer was measured in each of the vertical
shadovgraphs obtained during the flight of a single model.* These measure-
ments vere aversged and a probable error was computed. This average and its
probable error wvas used as a criterion for specifying the nature of the
varying boundary layer on that particular model.

18. This average may be interpreted as a measure of the average or mean
transition point location during the model's flight. Values for this

"mean transition” were obtained for each of the models ard they are given
in Table IV with their probable errors.

19. It may be noted in Table IV that there are large variations in the
meen transition between models. A correlation of mean transition with
range pressure may, howeve., be noted. The models with the least laminar
flov (i.e., rounds 2390, 2391, 2393, 239%, and 2395) were all tested at
atmospheric pressure. All the models with the most laminar flows (i.e.,
rounds 2385, 2392, 2399, 240i, 2407, and 2L08) were tested at reduced
range pressure (2/3 atm.) except rounds 2389 and 2392. The change in
Reynolds murber due to the pressure difference, is believed to be
significent in the division of the rounds into the two groups.¥*

* In the cese of what ve shall call "regular transitiorn™ the distances
from the nose to the trensition points on the ypper profile and on the
lower profile wvere averaged to yield a single value of transition distance
from each spark shadowgrarh (see Figure 7). 1In the case of what we shall
call "chaotic trancition" the total laminar distances on the upper profile
and on the lower profile were averaged (see Figure 7.

** For purposes of later discussion, the rounds with the most rearwerd

transition are designated the laminar group and those with the most forward
transition, the turbulent group.
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Eowever, this change xould not account for rounds 2389 and 2392 being in

the laminar group. It should be recorded that no attempt was made to control
or measure the surface finizh of any of the models and this may have been a
significant parameter for these two rounds.

20. Tue values for the probable errors of the mean transition are
indicative of the fluctuation in the transition point which occurs during
the model's flight down the range. The truly transient nature of the
Jocation of the transition point is specified by computing this quantity.
It is suggested that Tuture decerminations of the transition point might be
made useful wnd physically representative if its probable error was also
computed.

21. These values of mean trznsition provided the necessary spacification
of the pature of the boundary layer existing on each of the models during
its flight, and, thus, suggest the possibility of correlating the variable
boundary-layer conditions with the dispersion in the aeroballistic
coefficient dsta. This correlation iz considered in the following section.

Data Correlation

22. The aerodynamic coefficient data for the normel force, restoring
mopent, damping and lag moments, and Magnus moment (i.e., Cx, O, »

qu + 05 GM'N) are plotted versus mean transition in Figures 8 through 11.

23. Weighted linear fits were mgde to.all the coefficient data and are
illustrated by the solid lines in the plots.* The weights were based on
the probable errors of the individual coefficients end equaied 1/PEC. 1In
addition, the data were also considered as divided into two seperate groups,
a laminar group snd a turbulent group, as indicated previously. The dotted
lines on the plots represent these averages.

24, Teble V gives the veighted averages and their probable errors, smd
the weighted linear equations and their probable errors.

25. It appeatrs from this correlation that both the static and dynamic
aerodynamic coefficients for a pure cone in supersonic flight are
siguificantliy &cg:enﬁent on the nature of boundary jayer.

* Unveighted linear fits were also made anl included i'or completeness.
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Discussion of Results

26. The normal force, damping and lag moment, and Magnus moment all show
improved determinations, based on their probable errors, when considered

8s varying with mean transition. The restoring moment shows no significant
change; btut, because of the small static margin for the models tested, this
coefficient is so poorly determined that no consideration should be giwven to
it. Tadle VI lists the aversge coefficient data as originally computed, the
velghted averages for the data grouped in laminar and turbulent groups, and
the laminar and turbulent values computed from the weighted linear fits.®

27. Since the Magnus moment, vhich was of primary interest, still showed a
large dispersion, additional attempts were made to improve its determinmation.
It wvas noted that the yawing motions of the rounds (Figure i) were such that
the damping factors for the nutation and precession arms were difficult to
determine. Table IXI lists the damping factors and their probable errors.
An attempt was thus made to compute the Magnus moment coefficient by a
modified data reduction procedure vhich uses the damping factors for the
nutation and prececssion arms separately. Two sets of these modified
coefficients were computed; one based on weighted average values of % and

LM%: .5 the other based on the weighted least square lines fitted to the
data. e results of thesc are given in Figures 12 and 13.

28. As may be noted in the figures, no obvious improvement in the data was
obtained by this alternative approach. It was reported here only for
completeness and perhaps to eid future investigators.

29. Finally, it is believed that the remaining spread in the Magnus moment
coefficient data mey be due to three primary factors: (1) ihe poorly
determined vulués for the meen transition**, (2) the distribution and

nature of the range data on this program, and (3) perhaps the most
importent, on the chaotic nature of the boundary layer on many of the rounds.

* Since there was & Mach number veriation which wes not considered when
treating the data as a whole, u similar table based on 8 rounds whose Mach
number variation was less then 0.1 was also computed (Teble VII). Slightly
improved results were obteined.

#%, It should be recalled that only the profile boundary layer was

observed in the vertical spark shadowgraph. The state of the boundary layer
over the rest of the model's surface was completely unknown and thus not
represented by the values for the mean transition.
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30. In the following section the experimental values for the aerodynamic

coefficients on & cone will be compared with various theoretical
predictions.

Comparison with Theory
Normel Force and Restoring Moment

31. Exct theory for the normal force and its moment on a pure cone in
suwpersonic flow is given by Stonc {reference (g)) and computed by Xopal
(reference (h)). Approximste values may be obtained from Nunk's (reference
(1) and (J)) airship theory. Values may also be computed by Newtonian
theory (reference (k)). These theoretical values are given in Teble VIII
together vith values computed from the weighted linear fits for the cases
of fully laminar and fully turbulent boundary layer. It is noted that the
three theoretical values for the normel force fall within the range of the
values for fully leminar and fully turbulent boundary layer obtained by
extrapolation from the experimental values. The experimental values for
the restoring moment are not in good agreement with the theoretical
predictions; howvever, the coefficients are small and vithin the accuracy
of measurements and thus, as indicated earlier, subject to large errors.

Dazping and lag Homent

32. Estimates for the damping moment may also be obtained from Munk's
sirship thecry, sirip theory using Kopal, and from Newtoaian theory.

Values for these three estimates are algo given in Tadle VIII together with
values extrspolated from the experimental data.

us Moment

33. During the comduct of the program, two methods for predicting the Magnus
force and moment on cones 4n supersonic flow became availzble. One method
reported by both Sedney (reference (1)) and Fiebig (reference (m)) 4s based
on distortion of the boundary layer due to spin, and the other, reported by
Parrish (reference (k)), ic based on a Rewtonian type concept.®

% The Newtonian values for Magnus force ernd moment may slso be obtuined if

a Maa(cvil).linn-wfnse model of molecular reflection is used (reference {u)
and (0)).

&
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34, The predictions by these two wethods are given in Teble VIII and

plotted in Figure )4 together with the experimental data. The theoretical *
value of Sedney and Fiebig, although only applicable to the laminar case, is .
revertheless considerably less than the extrapolsted completely laminar
experimental value, °

35. The theoretical value obtained by the Newtonian method is in poor
agreement with the extrapolated experimental value for the completely
turbulent boundary layer, but is in considerably better agrement with the
completely laminar value.

36. Clearly neither method of prediction is in good agreement with the
experimental data. Since the accuracy of the experimental data has been
shown to be considerably better than the differences between theory and

experiment, some lack of confidence in the theoretical predictions may be
Justified.

37. Experimental values for the Magnus force would be most helpful in
correla’ing with theory and possibly as a guide for the development of
theory. Future programs should determine this force.,

CONCLUSION

38. The experimental values for the static a=d dynamic aerodynamic .
coefficients (CNG, C"’u’ ch + cﬁd, and mm) for a pure spinning cone in .

supersonic flight vere determined from model firings in the NOL
Pressurized Ballistics Range.

39. Regular and chaotic boundary-layer transition was observed during the
flight of the models from the spark shadowgraph data and was found to be
represented by a mean transition distance and its probable error.

0. The experimental aerodynamic coefficient data (C;;a‘, Qg + Cpygo 8nd
Chpa ) vere found to be significantly dependent on the nature of the
boundary layer (mezn transition).

k1. various methods for the theoretical prediction of Ciy amd - Cyd'

yield values within the variations of the experimental data due to boundary-
layer transition. The theoretical predictions for the Magnus moment CMPG-

vere poor,
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42, Further experimental investigations of NMagnus effects in
aerchallistic ranges snd vind tunnels sppear to be required, and are,
therefore, recommenied. Care should be taken in future programs

{a) to avoid chaotic transition by control of the nature of the

boundar; layer (i.e., surface finish, boundary-layer trips, range
pressure, etc.),

(b) to use range models with forvard c.g.'s,

(2) to extend the studies to large values of the angle of attack and
e larger range of Mach number, particularly hypersonic ani transonic, and

(d) to measure the Nagnus force.
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; ¢ "drag coefficient = D/qS
1 o c slope of roll damping coefficient = L p/ pd
! 3 % " '
B
o ; O slope of pitching moment coefficient = N,a/QSdz
i Chpey slope of Nagnus moment coefficient = Mpupu/ R qsia
q - 2v
| I
i Cug + O slope of yav damping mcment = Ngq/ gvzw*"d“/dg%w ’
C I
1 O, slope of normal force coefficient = Rg/aSe
« x C.G. center of gravity
- a maximm body diametar ’
H
d i I transverse moment of inertia
.) Iy axial momert of inertia
' " 3 Ky,2 magnitude of "nutation” snd “precession” arms
\‘ x
. f; ' L model Jength » O
f ;
i i ,@ peun transition distance
". i M Mach number
. 5.
;% k M.T. mean transition - % of total length ’
)‘.{ !
b m mass in grams
‘; | P spin rate
; I? | P.E. probable error
£
J i Q dynamic pressure = 1/240112/ ’
] E% q pitching velocity
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List of Symbols (Cont'd)
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. Re Reynolds number = eVL @
.. s maximum cross-sectional area - _’7'52?_
< ' s stability factor
v down rangs velo:ity
T complex angle of attack
32 mean squared yav
‘; ,\1,2 damping fuctors associated with the “"nutation" en? "precession” arms
ﬂ coefficient of vircosity
i / density of air
|
] . 4 1
| ~ 1-1
! s
| N “’1 o  Totation rates of the “nutation" and “precession" arms
Loy, »
B R
¢
Co
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e
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o
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Nach Kumbers and Range Pressures

B R A

for Bach Shot
"Range Pressure

Round Number Mach Number {inches of

Hg)
2389 2.07 29.7
2390 2.31 29.7
2391 2.29 29.9
23% 2.32 29.8
2393 2.2k 26.3
2394 2.27 30.1
2395 2.3 30.1
2399 2.30 19.8
2h01 2.0¢ 15.6
2407 1.75 19.9
2L08 2.28 19.7

——
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®

|
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TABLE II

Rownd 2390
Symbol 0
Cp 0.273
P.E. in Cp 40.001
N - 2.3
Re x 10~6 3.67
J2 - ae@? 0.57
T 0.9960
«0.018
- g}. ‘oome
-1.81
. P.E. #0.353
+ Ce -2,80L
?fi. % 40.516
C 0.248
;.F 40,085
P.Eo in Y‘v 0.0011
(radians)
P.E. in Swerve 0.012
{4inches)
CG from Base 0.911
(calibers)

2391 2
B
0.276 0.263
+0.001 +0.002
2.29 2.24
3.68 3.57
0.84 3.58
0.9911 0.9940
-0,049 =0.030
20.006  30.006
' '1-930 °10656
40.276 +0.280
-2.348 «3.114
40.408 40,371
0.112 0.192
‘0-% *00&8
0.0009 0.0016
0.017 0.024
0.910 0.909

2394
v

002?8
dO.Wl

2.27
3.17

1.56

0.9921

-0.041
20.007

«1.350
40.196

~3.304
#0.367

0.278
0,057

0.0012
0.014

0.905

0.013

0.908

NOTE: An aversge C » (-0.007) was used for ell rounds

s

15
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TABLE IT (Cont'd)

Pound
Syazbol

Cp

P.E. in Cp
M

Re x 10'6

)'2 - deg?
T
Cg.'u'
P.E.

Oy
P.E.

Cy_ + CMa
r.2.

Cttpe
P.E.

P.E. in Yew
(radians)

P.E. in Sverve

CC from Base
(calibers)

2389
4

0.302
#0.001
2.07
3.30

1‘@

0.9940
-00030
40,011

-2.430
#1.42k

-0.413
+1.234

-0.312
10.205

0.0012

0.01%4

0.910

2392 2399
4 ]
0.273 0.289
20.001 40.001
2'32 aw 30
3.72 2.42
0.80 6.3
0'”& Oom
-0‘013 "0.01‘3
40.012 #0.006
-2 '250 ‘200"8
40,994  40.391
2.93h.  -1.851
+0.965  40.390
-0.024 -0.091
*0'153 100065
0.0012 0.0012
0.013 0.012
0.910 0.914

201
[N

0.309
40.001

2.02
2.12

1.2%

0.9940
*0.0"3

20.013

-1.958
40.863

-1.916
40.954

-0.119

46,147

0.001%4

0.011

0.911

st

0.356
wom

1.
1.88

3.2

1.010
0.074

40.020

-2.318
40.94%6

‘1 o263
+1.279

<0.137
40.204

0.0024

0.010
0.876

16
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]
TABIE XX (Cont'd .-
( ) @)
Round 2408 »
Syndol P
5] 0.283
P.E. in Cp 40,002
M 2.28
Re x 10~6 2.0 ) 1
J2 Deg? 1.03
T 0.9960
O, 0,025
P.E. 10.016 b !
‘R, -1.931
P.E. £1.077
+ 0y -2.362
x??g. $1.306 ] @ (
«0.013
pa 40.206
P.E. in Yav 0.0017
{radisns) > (
P.E. 1in Sverve 0.011
(inches)
CG from Base 0.880
{calibers)
] (
17 R )
» §
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TABLE III

Damping Factors

Round No. /\1 x 103

P.E.  PE®) Ay x203 P.E. P.E (%)
238y «3.679 40.825 2.4 0. 76 40.756 101.3
2390 -3.696 #0.750 20.3 -4.928 #0.576 1.7
2391 «3.707 40,541 w6 -3.806 320.818 1.0
23 -6.289 0. T 12.3 -3.123 20.795 25.4
2393 -k.859 40.461 9.5 -4.220 20.470 1L
2493 -4,068 #0.%80 1n.8 4412 20,484  10.5
2395 -3.854 40,501 12.9 ~4.T55 20.547 11.5
2399 «3.172 +0.209 6.6 -1.425 40.280 19.6
2401 -3.345 40,622 18.6 ~1.151 #0.597 51.9
2407 «2.6T2 #0.976 36.5 -1.696 40.971  5T7.2
2408 -3.425 #0.935 27.3 -2,104 #0.7TT¢  36.8
18
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; TABLE IV
. Nean Transition
1 ¢ -
i . Range Pressure Nean Transition P.E. in Mean
: Round , (inches of (% of Trensition
. f Hg) length) (% of lLength)
: 23% 29.7 33.5 2.6
{ 2391 29.9 43.8 15.2
2393 29.8 36.7 8.7
2394 30.1 30.0 5.5
2395 30.1 55.7 18.0
2389 29.7 86.7 12.0
3% 29.8 84.3 21.5
2399 19.8 9.6 1.5
2ko1 19.6 68.3 1.1
2507 19.9 100.0 0.0
{ . 2408 19.7 85.5 10.9
E ) 19
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t
i" TABLE V
s.
i Weighted Aversge Coefficients
X,
i-
'g 1. Weighted Average Coefficients for the Laminar and Turbulent Groups
;i Mean Trarsition
1 Coefficient 86% o4
E clh -2.09 -1.61
P.E. 40.13 40.1%
POE' (‘) 6.& 807
| ~0.031 «0.031
t P.E. 40.030 40.010
{ P.E. (%) 96.8 32.2
} Ong + Oy -1.87 -2.92
§ P.E. 20,54 40.22
3 P.E. (%) 28.9 7.5
Cmm «,098 0.20%
P.E. 40.068 40,042
» P.E. (%) 69.4 20.6
¢ 2.

Transition Distance ( /)

P.E. of Fit = 20.14
PoEo of Fit ® !o.m

P.E. of Fit = 30,46

—_——

P.E. of Fit = 40.080

CNg = -1.05 ~ 0,475 fp
Ovg = =0.031 - 0.002 L
Cty + Oy, = -3.80 + 0.76 {

Oy, = 0:379 = 01714y,

Weighted Linear Equations for Coeffirients as Functions of Mean

- m——
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q| ‘ ‘
TABLE VI @
. Comparison of Averege Coefficient Data
Computed by Various Techniques
J . (based on all 1) rounds)
Aversge  Veighted _ Aversges fcuﬂted leighted
for Taminar  Turbulent I‘:’iﬁiﬁg%fzéizm
Ungrouped Group Group G Gro
Data __ (M.7. 86%) (M.T. M0B)  (.7.658) (.7 kog)
CR, -1.9% «2.09 -1.61 «2.21 ~1.59
|
' P.E. 20.20 40.13 #0.14% 20.14
O, «0.02 -0.03 -0.03 -0.0% -0.03
P.E. #0.03 40.03 20.01 40.03
+ % '2.29 -1-87 ‘2-% -1.9!‘ .2'93
q . P.E. 0.5  20.5k 10.22 10.46
* q‘? +0. 0% «0.10 0.20 -0.05 0.18
' . P.E. 40.13 40.07 40.04 40.08
i [
q
. ¥
|
«
!
4
. 21
e
}
e .
[ ]
4
. e ® ® o ° ) ) ] _9
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TABLE VII

Lovparizon of Average Coefficient Data
Computed by Various Technigues
(vased on 8 rounds where Mach number variation was less than 10.1)

o@e @&

-

a—— oy ——

B

Average Computed from Weighted
for Weighted Averages Linear Equations
Ungrouped laminar Turbulent laninar ulent
Data Group ‘' (Grouwp Group Group
(M.7. 86) (M.T. 40%) (M.T. 86%) (M.T. L0%)
c& ‘1'83 -2.“ -1061 4021 "1.59
P.E. 40.17 40,13 4+0.14 +0.17
% .0'03 -0'0!‘ .0003 -0.0'6 ’0003
P.E. $0.01 $0.02 +0.01 20.01
+ % 2,70 -2.03 -2,.92 «1.96 «2.9%
P.E. 40.299 #0.57 40.22 40.33
Qgg: 0.)2 «0.08 0.20 «0.05 40.18
P.E. 40.09 40.05 40.04 40.05
22
® L ] .
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> 1
3 ) TABLE VIII ¥
9 k i ' Coaparison of Nessured and Theoretical
; Values for Some Aercdymsmic Cosfficients
- " .
3 Computed Computed Values Based on Verious Ineories
k| from Stri; noiu.
i Neasured Kopal* with Munk Newtonian Sedney
i Data Kopel®
i
3 -2 .38:, .10“ Antad éow -10“ haied
; ; e <1057 ’
. <0.0317
’ L J » -1.625 hadod '1073 .2.9 01085 o=
m‘ % -3-701’ '
[ -0.131- hutd hated - '0038 -0.005
. . ¥ 40,387 '
H .
¥ . #* evaluated st Mach 5.0
) b L completely laminar N.T. 100§ ’ ®
.} .
s 1 1 T completely turbulent M.T. 0%
§ !
; | ,
R ‘
X 1
i
i
R
| 1 ’
i
g
}
. 2 ’
-
¥ :
:
',' »
) » [ L s —e - —8—
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SIS
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FIG.6A PRINTS OF VERTICAL PLATES FOR ROUND NOC.2395
(STATION (-10)
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FiG.68 FRINTS OF VERTICAL PLATES FOR ROUND N0O.2395
(STATION 11-20)
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Ay Xy AR
Xe 2 *e

REGULAR TRANSITION

(XV’ + sz) 4(X;' + XL24 XL3)

Xs=
. 2

CHAOTIC TRANSITION
FIG.7 REGULAR AND CHAOTIC TRANSITION
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